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Abstract
Background: To investigate the relationship between eating frequency and specific adiposity markers in a
potentially high-risk and understudied population of Hispanic college freshmen.
Methods: This study included 92 Hispanic college freshmen (18–19 y). The following cross-sectional data were
collected: height, weight, waist circumference, body mass index (BMI), dietary intake, body composition, physical
activity, hepatic fat, visceral adipose tissue (VAT), and subcutaneous adipose tissue (SAT).
Results: Infrequent eaters ate 44% less often (2.5 ± 0.2 vs. 4.5 ± 0.8, p ≤ 0.01) and consumed 27% more calories per
EO (p ≤ 0.01), while consuming 21% less kcals per day (p ≤ 0.01) compared to frequent eaters. Infrequent eaters had
8% higher BMIs (24.8 ± 4.4 vs. 22.9 ± 3.2 kg/m2) (p = 0.02), 60% higher BMI z-scores (0.5 ± 1.0 vs. 0.2 ± 1.0, p = 0.03), 21%
higher VAT (298.3 ± 153.8 vs. 236.8 ± 78.2 ml, p = 0.03), 26% higher SAT (1150.1 ± 765.4 vs. 855.6 ± 494.6 ml, p = 0.03),
and 8% higher total body fat (27.6 ± 10.8 vs. 25.3 ± 8.8%, p = 0.04) compared to frequent eaters while showing no
significant difference in physical activity. These findings seem to be driven by females more than males.
Conclusions: These findings suggest that infrequent eating is related to increased adiposity in Hispanic college
freshmen, despite a decreased daily energy intake and no significant differences in physical activity. Yet, more research
is needed to understand the underlying mechanisms of these findings, as well as investigate any potential causal
relationship between eating frequency and adiposity in Hispanic youth.
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Background
College students are particularly susceptible to poor
overall health and the transition to college has been
identified as a critical period contributing to the rise in
obesity rates as the behavioral choices college students
make likely affect their risk of chronic disease later in
life [1]. In 2012, for the first time in US history, Hispanic
high school graduates (69%) were more likely to be
enrolled in college than Non-Hispanic Whites (NHW;
67%) and Blacks (63%) [2]. Hispanic students consistently represent around one quarter of freshman enrollment at the University of Texas at Austin [3]. Currently,
67% of Hispanics (12–19 y) are either overweight or
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obese [4], yet little is known about overweight or obese
prevalence rates of Hispanic college students. Several
studies have shown that the initial transition to college is
associated with rapid weight gain and the average weight
gain in the first year of college ranges from 3.5 to 8.8
pounds [5]. Decreased dietary fiber, fruits and vegetables
[6, 7] and increased junk food consumption [8] are
among the dietary factors linked to increased obesity
rates in primarily NHW college students. However, no
study has investigated the relationship eating frequency
patterns and obesity risk in a population of exclusively
Hispanic college freshmen nor has any study examined
the potential sex differences in this relationship.
The Gibney et al. eating occasion definition was used
to quantify eating frequency and each EO was defined as
≥50 cal and ≥15 min from any previous EO [9]. This definition was selected because it has been cited within the
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eating frequency literature most often [10–14], thus
allowing us to compare our results with previous eating
frequency research. Frequent eating was classified as averaging more than 4 EOs per day, while infrequent eating
was classified as averaging less than 3 EOs per day.
To date, the majority of epidemiology studies have
shown an inverse association between eating frequency
and adiposity [13–19], while a few studies have found no
relationship or a positive association [20–22]. Previous
research has shown that infrequent eating is linked to
increased visceral adipose tissue (VAT) and obesity risk,
as well as blunted insulin action, and deleterious lipid
parameters in multiple populations of overweight
Hispanic youth (8–18 y) [13, 14]. Among minorities,
Hispanics tend to have high amounts of VAT, and VAT
is a strong indicator of deleterious metabolic profiles,
such as dyslipidemia and glucose intolerance [23]. High
amounts of VAT have also been related to NonAlcoholic Fatty Liver Disease (NAFLD), which is also increasing within Hispanic youth populations [24]. Thus,
examining the impact of eating patterns on specific fat
depots in high-risk populations is warranted.
To date, no group has examined the effect of eating
frequency on adiposity and metabolic disease risk in a
sample of Hispanic college freshmen. Thus, the goal of
this study is to examine the relationship between eating
frequency and specific adiposity markers in this potentially high-risk and understudied population of Hispanic
college freshmen to better inform interventions that may
reduce this risk within such a crucial period of life. We
hypothesized that infrequent eating in relation to frequent eating would be inversely associated with energy
intake and physical activity, but positively associated
with adiposity measures in Hispanic college freshmen
and that these findings would be similar in both males
and females.

Methods
Subjects

Inclusion criteria for the study were as follows: (i) selfreported that all four of their grandparents were of
Hispanic origin (ii) 18–19 years of age, and (iii) in their
first year of college. Exclusion criteria for the study were as
follows: (i) pregnancy, (ii) taking any medication known to
affect body composition or any psychoactive medication,
(iii) diagnosed with a disease/s or syndrome known to
affect body composition or fat distribution, (iv) a learning
impairment that would complicate survey administration,
(v) had braces, a pacemaker, or any of other contraindications to magnetic resonance imaging (MRI) scanning, or
(vi) had taken part in a weight loss, dietary, or physical
intervention in the previous 6 months. This study was
approved by the Institutional Review Board. Informed
written consent was obtained before testing commenced.
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Figure 1 provides a detailed diagram of the inclusion
and exclusion of study participants. Participants (n = 791)
were recruited via announcement in classes, word of
mouth, and electronic posted notices. Subjects initially
completed a 21 item dietary screener, which asked about
eating frequency habits and was adapted from Project Eat
[25–27]. Only subjects who identified themselves as frequent or infrequent eaters on the survey were contacted
for dietary recalls which were conducted by phone prior
to in-person data collection. Furthermore, only infrequent
eaters who averaged less than 3 eating occasions (EOs)
per 24 h (n = 45) or frequent eaters who averaged 4 or
more EOs per 24 h on the majority of their dietary recalls
(n = 47) were brought in for the in-person visit. Three or
more 24 h multiple-pass dietary recalls were collected in
30 % (n = 241) of the total subject pool to verify eating
frequency. Of those subjects, 43% (n = 103) were not frequent or infrequent eaters as determined via dietary
recalls, and an additional 38 participants were either nonresponsive or did not qualify due to other exclusionary
criteria. One-hundred subjects were then brought in for
the in-person visit. There were a total of 100 subjects who
completed the in-person visit, one subject did not have
adequate dietary data, three participants did not have
specific fat distribution data, and four subjects did not attain three days of eight hours or more of physical activity
data via accelerometer, leaving the final sample size at 92
subjects.
Anthropometrics and adiposity measures

Subjects arrived at approximately 0700 after an overnight fast, nothing to eat or drink except water after
2000 the night before. Height and weight were measured
to the nearest 0.1 kg and 0.1 cm using a beam medical
scale and a wall-mounted stadiometer, respectively, and
the average of two measurements was used for the analysis. BMI percentiles and z-scores were determined by
using EPII 2000 software (version 1.1; Centers for
Disease Control and Prevention, Atlanta, GA) [28]. Subjects were categorized as overweight if they had a BMI
of 25.0 to < 30.0 kg/m2 and obese if they had a BMI >
30.0 kg/m2 utilizing adult cut offs. Waist circumference
was measured and recorded to the nearest 0.1 cm. Body
fat and soft lean tissue were measured using air displacement plethysmography, which has been validated against
hydrodensitometry in overweight adults (BOD POD,
Cosmed 2007B, Concord, CA) [29].
Image acquisition

Visceral adipose tissue (VAT), subcutaneous adipose
tissue (SAT), and hepatic fat were assessed via magnetic
resonance imaging (MRI) on a research-dedicated Siemens Skyra 3 Tesla scanner. Non-Alcoholic Fatty Liver
Disease was categorized utilizing the percent fat cut
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Fig. 1 provides a detailed diagram of the inclusion and exclusion of study participants. 791 participants were recruited initially via a 21 item
dietary screener, which asked about eating frequency habits and was adapted from Project Eat [25]. Only subjects who identified themselves as
frequent or infrequent eaters on the survey were contacted for dietary recalls which were conducted by phone prior to the in-person data
collection. Three or more 24 h multiple-pass dietary recalls were collected in 30 % (n = 241) of the total subject pool to verify eating frequency.
Of those subjects, 43% (n = 103) were not frequent or infrequent eaters as determined via dietary recalls, and an additional 38 participants were
either non-responsive or did not qualify due to other exclusionary criteria. Furthermore, only infrequent eaters who averaged less than 3 eating
occasions (EOs) per 24 h or frequent eaters who averaged 4 or more EOs per 24 h on the majority of their dietary recalls were brought in for the
in-person visit. There were a total of 100 subjects who completed the in-person visit, one subject did not have adequate dietary data, three
participants did not have specific fat distribution data, and four subjects did not attain three days of eight hours or more of physical activity data
via accelerometer, leaving the final sample size at 92 subjects

point (more than 5.56%) derived from the Dallas Heart
Study [30]. Visceral adipose tissue (VAT), subcutaneous
adipose tissue (SAT), and liver fat volume were measured using a vibe 3D DIXON technique. This scanning
protocol contained one slab with 88 slices, each 3 mm
thick to allow for imaging of the entire abdominal area
in the coronal direction. The field of view (FoV) was
380 mm, and the phase FoV was 80.6%, with a repetition
time (TR) of 3.90 s, an echo time (TE) of 2.46 ms, and a
flip angle of 9.0 degrees. One set each of in-phase images and one out-of-phase images were acquired. The
Siemens Skyra 3 T used a portion of a 32-channel coil
array integrated into the patient bed/Table. A 4-channel
large array coil or a 4-channel small array coil was placed
anteriorly and used in combination with the 32-channel
coil to provide full abdominal coverage. Using a high
number of coil elements in this way made an ideal experimental configuration to take advantage of a partially
parallel image acquisition acceleration method. The GeneRalized Auto-calibrating Partially Parallel Acquisitions
(GRAPPA) technique used for this study to accelerate

image acquisition. Fat volume fraction and fat mass
fraction were computed on a voxel-by-voxel basis, and averaged over each segmented organ. VAT and SAT were
measured as a region of interest (ROI) from the top of the
ileac crest to the bottom of the ribcage. The benefits of
using ROI for liver fat and body fat quantification as well
as challenges associated with fat quantification from MRI
can be found here [29].
Fat mass quantification

Percent water and fat for VAT and SAT were calculated
using a novel quantification program developed by Dr.
Jeff Luci and the Imaging Research Center staff based on
the Otsu method and run in MATLAB (version R2013a,
MathWorks Inc., Natick, MA). Initially, the total body
fat was calculated and the subcutaneous fat was then
calculated. The removal of the SAT from the total body
fat yielded VAT. An average of 26 slices were taken from
the abdominal area and there was not significant difference in the number of slices between groups. At least
two researchers quantified the fat values for each
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subject. No significant differences in any of the outcome
variables or MRI slices were seen between coders utilizing t-tests.
Dietary intakes

Dietary intakes were assessed from three to four 24-h
diet recalls using the multiple-pass technique. Research
staff were trained and supervised by a Registered
Dietitian. All subjects had at least three recalls (one
weekend and two weekdays). On average recalls were
administered within 5 days from the in-person testing
visit. All dietary recall data was checked for errors in
entry by additional trained research staff. Nutritional
data was analyzed by using the Nutrition Data System
for Research (NDS-R, 2014). The NDS-R program calculated key dietary variables for this analysis, including
mean energy, total fat, protein, carbohydrates, saturated
fat, total sugar, added sugar, dietary fiber, soluble fiber,
and insoluble fiber. Prospectively, no recall was performed if the subject indicated being ill. One subject was
excluded from all the analyses due to having a very low
carbohydrate intake (< 10 g per day) and being an
extreme outlier in percentage of caloric intake from
carbohydrate. The dietary data was then examined for
plausibility of energy intake according to the Willett exclusion criteria, but no male or female met the criteria
for exclusion [31]. We further screened for dietary
plausibility by performing a regression of energy intake on body weight, but again no subject had a standardized residual greater than three SD above or
below the mean, and therefore no subject was excluded for implausible energy intake. The Gibney et
al. eating occasion definition was used to quantify
eating frequency and each EO was defined as ≥50 cal
and ≥15 min from any previous EO [9].
Physical activity

Physical activity was measured by accelerometers
(wGT3X-BT, Actigraph, LLC., Pensacola, FL). Physical
activity was measured for seven days and on the same
week as the in-person visit and dietary recalls. All accelerometer data was immediately downloaded and wear
time was assessed. Days with less than 8 h of wear data
were not considered acceptable, and only participants
with ≥3 days of acceptable accelerometry data were included in the physical activity analysis. Subjects with
valid data (n = 96) wore the accelerometers for a mean
of 12.9 ± 1.6 h/day for 6.2 ± 1.5 days. Data from all acceptable days was averaged and included the following
variables: minutes and percent time spent in light
physical activity (LPA), moderate to vigorous PA
(MVPA), and sedentary behavior (SED). Freedson
adult cut offs were used to quantify and classify the
accelorometry data [32].
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Statistics

Data was examined for normality, and transformations
were made if the data was found to be significantly different from normal. The following outcome variables
were non-normally distributed and were either log or inversely transformed before the analysis: BMI, VAT, SAT,
hepatic fat, mean energy intake, percent dietary protein,
saturated fat, dietary fiber, total fiber, soluble fiber, and
insoluble fiber. However, non-transformed values are
presented in the tables and figures for ease of interpretation. Chi-square, t-test, and MANCOVA analyses were
used to assess differences in demographics, dietary intake variables, and adiposity and physical activity measures between the two eating frequency groups. In all
models the following a priori covariates were included:
sex, age and MVPA (when adiposity measures were the
dependent variables). The interaction effect of eating frequency and will be tested in all models, and if significant
the models will be split by sex to explore differences in
the dependent variables. All analyses were performed by
using SPSS version 20.0 (SPSS, Chicago, IL), and the significance was set at p ≤ 0.05. A post-hoc power analysis
set at a type 1 error of 0.05 and a power of 80%, utilizing
the means and standard deviations from the current data
set revealed a medium effect size of 0.46 for SAT, 0.49
for BMI, 0.50 for VAT, and 0.64 for energy intake.

Results
The basic demographic data and adiposity measures are
presented in Table 1. Ninety-two subjects had complete
anthropometric, dietary, and body composition data. The
sample was 51% female and averaged 18.8 years of age.
Table 2 presents dietary and physical activity data. The
average number of EOs per 24 h was 3.6, the average energy intake was close to 2000 kcals per day, and subjects
averaged more than 60 min per day of MVPA.
Table 3 presents adiposity measures by the two eating
frequency groups. Infrequent eaters compared to frequent eaters were slightly older (18.9 ± 0.4 vs. 18.6 ±
0.4 kg/m2, p = 0.05) and no significant difference in sex
was found between eating frequency groups. Using
MANCOVA analyses, infrequent eaters had 8% higher
BMIs (24.8 ± 4.4 vs. 22.9 ± 3.2 kg/m2, p = 0.02), 60%
higher BMI z-scores (0.5 ± 1.0 vs. 0.2 ± 1.0, p = 0.03), 21%
higher VAT (298.3 ± 153.8 vs. 236.8 ± 78.2 ml, p = 0.03),
26% higher SAT (1150.1 ± 765.4 vs. 855.6 ± 494.6 ml,
p = 0.03), and 8% higher total body fat (27.6 ± 10.8 vs.
25.3 ± 8.8%, p = 0.04) compared to frequent eaters.
There was no significance difference in liver fat or prevalence of NAFLD between eating frequency groups. There
was also no difference in physical activity variables between infrequent and frequent eaters. The interaction
effect for eating frequency and sex was a trend or significant for BMI (p = 0.05), total body fat (p ≤ 0.01), total lean
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Table 1 Subject Characteristicsa,b
Physical and Adiposity Measures (n = 92)

All Subjects (92)

Males (45)

Females (47)

Age (y)

18.8 ± 0.4

18.7 ± 0.4

18.9 ± 0.4

Height (cm)

167.4 ± 9.8

188.3 ± 5.6

160.3 ± 7.5

Weight (kg)

67.1 ± 13.8

75.3 ± 13.3

59.2 ± 9.5

Waist circumference (cm)

84.6 ± 9.7

85.9 ± 10.6

83.4 ± 8.6

BMI (kg/m2)

23.8 ± 3.9

24.6 ± 4.1

23.1 ± 3.7

BMI percentile

59.9 ± 27.3

62.7 ± 28.6

57.2 ± 26.1

BMI z score

0.3 ± 1.0

0.4 ± 110

0.2 ± 0.9

Overweight Prevalence

21 (22.8)

11 (24.4)

10 (21.2)

Obese Prevalence

8 (8.7)

6 (13.3)

2 (4.3)

Overweight/Obese Prevalence

29 (31.5)

17 (37.8)

12 (25.5)

Total lean tissue (%)

73.6 ± 9.9

78.9 ± 9.1

68.5 ± 7.8

Total body fat (%)

26.4 ± 9.9

21.1 ± 9.1

31.5 ± 7.8

VAT (ml)

267.0 ± 124.4

286.9 ± 114.4

247.8 ± 131.8

SAT (ml)

999.7 ± 654.9

1020.8 ± 749.0

979.5 ± 557.6

Hepatic fat (ml)

29.2 ± 36.0

35.1 ± 44.9

23.5 ± 23.8

NAFLD

20 (21.7)

11 (24.4)

9 (19.1)

a

Data presented as mean ±SD or n (%)
NAFLD = Non Alcoholic Fatty Liver Disease, SAT = Subcutaneous Adipose Tissue, VAT = Visceral Adipose Tissue

b

Table 2 Dietary and Physical Activity Variablesa,b
Eating occasions per day

All Subjects

Males (45)

Females (47)

3.6 ± 1.1

3.4 ± 1.2

3.6 ± 1.1

Energy per eating occasion (kcal)

580.9 ± 241.6

715.3 ± 253.1

452.1 ± 139.9

Energy (kcal/d)

1941.9 ± 729.4

2345.8 ± 774.5

1555.2 ± 407.9

Total fat (g/day)

75.8 ± 31.5

92.6 ± 31.4

59.8 ± 22.0

Total protein (g/day)

82.7 ± 42.1

100.7 ± 50.8

65.5 ± 20.9

Total carbohydrate (g/day)

237.4 ± 94.1

281.9 ± 104.2

194.8 ± 57.7

Total saturated fat (g/day)

23.7 ± 11.4

29.1 ± 12.2

18.7 ± 7.8

Total sugars (g/day)

95.3 ± 52.6

107.2 ± 63.8

83.9 ± 36.2

Added sugars (g/day)

62.3 ± 46.0

79.2 ± 55.2

57.9 ± 32.3

Dietary fiber (g/day)

16.9 ± 7.5

18.9 ± 8.4

14.9 ± 6.1

Insoluble fiber (g/day)

11.3 ± 5.5

12.7 ± 6.2

10.0 ± 4.4

Soluble fiber (g/day)

5.4 ± 2.3

6.1 ± 2.4

4.8 ± 2.0

Min per day in MVPA

67.2 ± 27.0

69.6 ± 29.4

65.0 ± 24.6

Percent wear time in MVPA (%)

8.7 ± 3.4

8.9 ± 3.8

8.5 ± 3.1

Min per day in LPA

100.5 ± 32.4

102.6 ± 36.7

98.7 ± 28.0

Percent wear time in LPA (%)

12.9 ± 3.5

13.0 ± 4.0

12.8 ± 3.0

Min per day in SED

606.8 ± 81.4

610.0 ± 89.2

603.7 ± 73.9

Percent wear time in SED (%)

78.4 ± 4.7

78.1 ± 5.4

78.7 ± 4.2

a

Data presented as mean ±SD
b
LPA Light Physical Activity, MVPA Moderate to Vigorous Physical Activity, SED Sedentary Behavior, Min Minutes
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Table 3 Adiposity measures and metabolic parameters between eating frequency groupsa,b
All Infrequent All Frequent
p
Male Infrequent Male Frequent p
Female Infrequent Female Frequent p
Eaters (n = 45) Eaters (n = 47) value Eaters (n = 24)
Eaters (n = 21) value Eaters (n = 21)
Eaters (n = 26)
value
Sex M/Fc
Age (y)

24/21

c

21/26

0.53

–

–

–

–

–

–

18.9 ± 0.4

18.7 ± 0.4

0.05

18.8 ± 0.4

18.6 ± 0.4

0.21

19.0 ± 0.4

18.8 ± 0.4

0.09

167.0 ± 10.4

167.8 ± 9.4

0.16

174.3 ± 5.7

175.5 ± 5.5

0.48

158.7 ± 8.1

161.5 ± 6.9

0.20

Weight (kg)

69.4 ± 16.2

64.7 ± 11.2

0.29

77.1 ± 15.7

73.2 ± 9.8

0.33

61.0 ± 12.1

57.7 ± 6.6

0.24

Waist circumference
(cm)d

86.2 ± 11.6

83.1 ± 7.2

0.19

87.8 ± 11.9

83.8 ± 8.7

0.15

84.4 ± 11.3

82.6 ± 5.8

0.19

BMI (kg/m2)d

24.8 ± 4.4

22.9 ± 3.2

0.02

25.3 ± 4.5

23.8 ± 3.5

0.10

24.2 ± 4.3

22.2 ± 2.8

0.04

BMI percentiled

64.0 ± 27.8

55.9 ± 26.6

0.08

65.5 ± 28.5

59.5 ± 29.2

0.22

62.4 ± 27.7

53.1 ± 24.4

0.17

Height (cm)c
c

d

BMI z score

0.5 ± 1.0

0.2 ± 1.0

0.03

0.6 ± 1.1

0.3 ± 1.1

0.13

0.4 ± 0.9

0.1 ± 0.8

0.11

VAT (ml)d

298.3 ± 153.8

236.8 ± 78.2

0.03

307.9 ± 130.6

262.8 ± 89.6

0.12

287.5 ± 179.5

215.8 ± 61.6

0.18

d

SAT (ml)

1150.1 ± 765.4 855.6 ± 494.6

0.03

1152.4 ± 856.0

870.3 ± 589.0

0.17

1147.7 ± 667.9

843.7 ± 415.1

0.06

Hepatic Fat (ml)d

31.4 ± 39.9

27.1 ± 32.1

0.35

34.7 ± 44.7

35.6 ± 46.2

0.90

27.6 ± 34.3

20.2 ± 8.7

0.26

NAFLD n (%)c

9 (20.0)

11 (23.4)

0.80

4 (16.7)

7 (33.3)

0.30

5 (23.8)

4 (15.4)

0.49

74.7 ± 8.8

0.04

77.6 ± 10.2

80.3 ± 7.6

0.21

66.5 ± 8.3

70.2 ± 7.1

0.08

25.3 ± 8.8

0.04

22.4 ± 10.2

19.7 ± 7.6

0.21

33.5 ± 8.3

29.8 ± 7.1

0.08

Total lean tissue (%)d 72.4 ± 10.8
d

Total body fat (%)

27.6 ± 10.8

a

Data presented as mean ± SD or n (%)
b
NAFLD Non Alcoholic Fatty Liver Disease, SAT Subcutaneous Adipose Tissue, VAT Visceral Adipose Tissue
c
A t-test (for continuous variables) and chi-square analysis (for categorical variables) assessed differences in sex, age, height, and weight between groups
d
MANCOVA analysis of adiposity measures between Infrequent Eaters and Frequent Eaters (n = 92). For the combined sample a priori covariates included: age, sex,
and percent time spent in moderate to vigorous physical activity. When the sample was split by sex a priori covariates included: age, sex, and percent time spent
in moderate to vigorous physical activity

(p ≤ 0.01), VAT (p = 0.07), hepatic fat (p = 0.06). When
stratifying the sample by sex there was a trend for male infrequent eaters to have 6% higher BMIs (25.3 ± 4.5 vs.
23.8 ± 3.5 kg/m2, p = 0.10) compared to male frequent
eaters. Female infrequent eaters compared to female
frequent eaters had 8% higher BMIs (24.2 ± 4.3 vs. 22.2
± 2.8 kg/m2, p = 0.04), a trend for 5% lower lean tissue
and a trend for (66.5 ± 8.3 vs. 70.2 ± 7.1%, p = 0.08) and
a trend for 11% higher total body fat (33.5 ± 8.3 vs. 29.8
± 7.1%, p = 0.08).
Dietary and physical activity variables between frequent
eaters and infrequent eaters are depicted in Table 4. Ttests found that infrequent eaters compared to frequent
eaters ate 44% less often (2.5 ± 0.2 vs. 4.5 ± 0.8, p ≤ 0.01)
and ate 27% more calories per EO (670.9 ± 254.2 vs. 494.6
± 195.1 kcals, p ≤ 0.01). Infrequent eaters compared to frequent eaters consumed 21% less daily energy intake, or on
average 445 fewer calories per day (1714.8 ± 542.7 vs.
2159.5 ± 819.7 kcals, p ≤ 0.01). Infrequent eaters also
consumed significantly less protein (71.8 ± 25.9 vs.
93.2 ± 51.4 g/day, p ≤ 0.01), fat (70.0 ± 26.4 vs. 81.4 ±
35.0 g/day, p = 0.01), carbohydrate (202.2 ± 69.4 vs.
271.1 ± 102.6 g/day, p ≤ 0.01), saturated fat (21.1 ± 8.7
vs. 26.1 ± 13.1 g/day, p = 0.02), total sugar (77.8 ± 35.0
vs. 112.1 ± 60.9 g/day, p ≤ 0.01), total fiber (13.5 ± 5.7
vs. 20.0 ± 7.8 g/day, p ≤ 0.01), insoluble fiber (9.1 ± 4.3
vs. 13.5 ± 5.7 g/day, p ≤ 0.01), and soluble fiber (4.4 ±
1.6 vs. 6.4 ± 2.5 g/day,p ≤ 0.01). The interaction effect

for eating frequency and sex was significant for all
dietary variables, but not significant for any physical
activity measures. When examining sex differences, all
of the above dietary findings remained significant or
trending toward significance between male infrequent
and frequent eaters, while there were no significant
differences in dietary fat, protein, or saturated fat between female infrequent and female frequent eaters.

Discussion
To our knowledge, this is the first analysis to examine
the relationship between eating frequency and dietary
and adiposity measures in a sample of exclusively
Hispanic college freshmen. To date, the dietary habits
and obesity risk of this population remains almost completely unstudied. In the present analysis, infrequent
eaters consumed significantly fewer calories per day, yet
had significantly higher BMI, BMI z-scores, body fat percentage, and visceral and subcutaneous adipose tissue,
while showing no significant differences in physical
activity measures. These adiposity findings among infrequent and frequent eaters seemed to driven by females
more so than males, but both sexes showed trends in
the same direction for all adiposity outcomes. These
findings are consistent with other retrospective analyses
[12–15] that have shown a positive association between
eating frequency and caloric intake while showing an inverse association with adiposity measures.

c

Total fat (g/day)

d

d

d

96.8 ± 32.0

12.5 ± 3.5

607.1 ± 95.8

79.1 ± 4.8

Min per day in LPAe

Percent wear time in LPA (%)e

Min per day in SEDe

Percent wear time in SED (%)e
77.7 ± 4.7

606.5 ± 65.7

13.3 ± 3.5

104.2 ± 32.7

9.0 ± 3.1

70.8 ± 26.8

6.4 ± 2.5

13.5 ± 5.7

20.0 ± 7.8

75.6 ± 52.9

112.1 ± 60.9

26.1 ± 13.1

271.1 ± 102.6

93.2 ± 51.4

81.4 ± 35.0

2159.5 ± 819.7

494.6 ± 195.1

4.5 ± 0.8

All Frequent
Eaters (n = 47)

5.2 ± 1.5

≤0.01
0.50

0.15

0.93

0.20

0.16

79.0 ± 5.6

612.0 ± 108.0

12.0 ± 3.9

94.4 ± 37.2

9.0 ± 4.6

68.0 ± 31.7

10.2 ± 4.6

≤0.01
0.29

15.4 ± 5.9

≤0.01

88.2 ± 37.3
70.6 ± 39.3

0.14

≤0.01

236.0 ± 67.1
24.8 ± 9.3

≤0.01
0.02

81.0 ± 27.4

1992 ± 561.4

≤0.01
81.5 ± 28.1

781.9 ± 286.2

≤0.01

≤0.01

2.5 ± 0.2

≤0.01

0.04

Male Infrequent
Eaters (n = 24)

p value

77.0 ± 5.0

607.8 ± 63.9

14.1 ± 4.0

111.9 ± 34.5

8.9 ± 2.6

71.4 ± 27.2

7.2 ± 2.8

15.6 ± 6.7

23.0 ± 9.1

89.0 ± 68.9

128.9 ± 80.3

33.9 ± 13.4

334.3 ± 115.3

105.2 ± 30.9

105.2 ± 30.9

2750.1 ± 797.1

639.2 ± 187.9

4.4 ± 0.9

Male Frequent
Eaters (n = 21)

0.28

0.96

0.13

0.16

0.95

0.72

≤0.01

≤0.01

≤0.01

0.75

0.10

0.02

≤0.01

≤0.01

0.02

≤0.01

0.06

≤0.01

p value

79.2 ± 3.8

607.1 ± 95.8

13.1 ± 3.0

99.5 ± 25.6

7.7 ± 2.4

58.5 ± 20.0

3.6 ± 1.3

7.8 ± 3.7

11.4 ± 4.7

49.4 ± 30.1

65.9 ± 28.8

17.1 ± 5.7

163.5 ± 49.6

61.3 ± 19.8

56.7 ± 17.1

1397.6 ± 296.0

544.2 ± 127.6

2.5 ± 0.2

Female Infrequent
Eaters (n = 21)

78.3 ± 4.5

606.5 ± 65.7

12.5 ± 3.1

98.0 ± 30.3

9.1 ± 3.5

70.2 ± 27.0

5.7 ± 2.0

11.8 ± 4.1

17.7 ± 5.7

64.7 ± 33.0

98.5 ± 35.4

19.9 ± 9.0

220.0 ± 51.6

65.6 ± 20.9

62.2 ± 25.3

1682.5 ± 445.4

377.8 ± 100.5

4.5 ± 0.7

Female Frequent
Eaters (n = 26)

0.34

0.85

0.94

0.75

0.17

0.15

0.02

0.04

0.02

0.14

≤0.01

0.64

≤0.01

0.15

0.85

0.02

≤0.01

≤0.01

p value

Data presented as mean ± SD
b
LPA = Light Physical Activity, MVPA = Moderate to Vigorous Physical Activity, SED = Sedentary Behavior, Min = Minutes
c
T-test assessed differences in eating occasions per day, energy intake, and energy intake per eating occasion between groups
d
MANCOVA analysis of dietary variables between Infrequent Eaters and Frequent Eaters. A priori covariates used for the combined data set were age and sex. The a priori covariate for males and females was age
e
MANCOVA analysis of physical activity variables between Infrequent Eaters and Frequent Eaters. A priori covariates used for the combined data set were age and sex. When the sample was split by sex the a priori
covariate was age

a

8.3 ± 3.7

Percent wear time in MVPA (%)e

4.4 ± 1.6

9.1 ± 4.3

13.5 ± 5.7

60.7 ± 36.5

77.8 ± 35.0

21.1 ± 8.7

202.2 ± 69.4

63.5 ± 27.0

d

d

d

71.8 ± 25.9

70.0 ± 26.4

1714.8 ± 542.7

670.9 ± 254.2

2.5 ± 0.2

Min per day in MVPA e

Soluble fiber (g/day)

d

Insoluble fiber (g/day)

Dietary fiber (g/day)

Added sugars (g/day)

Total sugars (g/day)

Total saturated fat (g/day) d

Total carbohydrates (g/day)

Total protein (g/day)

d

Energy (kcal/day) c

Energy per eating occasion (kcal)

Eating occasions per dayc

All Infrequent
Eaters (n = 45)

Table 4 Dietary intake and physical activity between eating frequency groupsa,b

House et al. BMC Nutrition (2018) 4:10
Page 7 of 12

House et al. BMC Nutrition (2018) 4:10

To date, the majority of epidemiology studies have
shown an inverse association between eating frequency
and adiposity [13–19], while a few studies have found no
relationship or an inverse association [20–22]. A longitudinal study by Ritchie et al. [15], with 2372 African
American and Caucasian girls (9–19 y), found that lower
meal frequency was related to greater increases in BMI
and waist circumference over a ten year period, independent of socioeconomic status, total energy intake,
and physical activity levels. Other studies have found increased eating frequency to be inversely related to waist
circumferences [15, 17, 33] and body fat percent as measured by skinfolds [12]. Increased body fat percentages,
regardless of BMI levels, have also been related to increased inflammation and cardiometabolic risk factors
[34] and for every kilogram increase in bodyweight the
risk of type 2 diabetes increases by 5.4% [35]. Furthermore, 43% of female infrequent eaters were at or above
the 35% body fat percentage cut off for obesity compared to only 30% of frequent eaters. Similarly, 38% of
male infrequent eaters were at or above the 25% body
fat percentage cut off for obesity compared to only 19%
of frequent eaters [36, 37]. As a group, the infrequent
eaters were also 0.2 kg/m2 from the overweight cutoff,
thus as this population ages the difference in adiposity
measures between infrequent and frequent eaters may
become even more apparent. A recent meta-analysis by
Schoenfeld et al. including 15 randomized controlled trials addressing the effects of eating frequency on changes
in weight and body composition found that increases in
eating frequency were associated with reductions in fat
mass and body fat percentage, as well as increases in fatfree mass. However, these findings need to be interpreted cautiously as they seem to be driven by a single
study [38]. The above meta-analysis was comprised of
an exclusively adult population and to our knowledge,
there has yet to be a randomized controlled trial investigating the potential association between eating frequency and obesity risk in any youth population, let
alone one of Hispanic descent.
Interestingly, this population of Hispanic College
Students had a lower percentage of overweight and
obesity risk compared to national averages [39]. Ninety
four percent of subjects met or exceeded the physical activity guidelines for Americans of 150 min of moderate
to vigorous physical activity per week [40]. However, diet
quality in this population was lacking. While, infrequent
eaters consumed significantly less fiber (6.5 g/day) than
frequent eaters, only five subjects (four females and one
male) within the entire sample met the Recommended
Daily Allowance (RDA) for fiber [41]. Furthermore, only
39% of the sample met the recommendation for less
than 10% of their calories from added sugar and only
43% of the sample met the RDA for less than 10% of
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their calories from saturated fat [41]. Also, 18% of the
sample (8 males and 9 females) did not meet the RDA
for protein of 0.8 g/kg. Thus, more research is needed to
further explore the dietary habits of Hispanic college
freshmen and if there is any potential relationship between eating frequency and diet quality.
There are numerous potential mechanisms to explain
our findings that infrequent eaters consumed significantly fewer calories per day, yet had significantly higher
adiposity measures than frequent eaters. The first being
that increased eating frequency has consistently been related to increased satiety measures in adult populations
[42–45]. Smeets et al. [43] found that consuming 3 EOs
per day compared 2 EOs per day resulted in greater satiety in a sample of 14 females (19–29 y). However, in a
cross-over controlled feeding study by Leidy et al. [42]
with 13 overweight or obese males, less frequent eating
(3 EOs) vs. frequent eating (6 EOs) led to higher satiety
throughout the day, but no difference in ghrelin or peptide YY was observed between groups. These studies
controlled for calories and so did not address the impact
eating frequency may have on ad libitum food intake.
Thus, Speechly et al. [44] conducted a cross-over study
with eight lean males (19–29 y) where an isocaloric
breakfast was consumed in one EOs or five separate EOs
consumed every hour over the testing period. Subjects
who consumed breakfast in one EO ate 27% more at a
subsequent ad libitum lunch, highlighting that infrequent eating may lead to poorer appetite control. Interestingly, utilizing an identical study design with seven
obese men (20–55 y), Speechly et al. [46] replicated the
findings and found the exact same increase (27%) in the
ad libitum lunch intake after the single meal. It is reasonable to infer that increased satiety observed in
regards to increased eating frequency may reduce the
motivation to eat and therefore reduce energy intake
overall. However, the vast majority of the eating frequency research, including this study shows a positive
relationship between eating frequency and energy intake,
which very well could be an artifact of under-reporting
which is discussed below. It is also plausible that reduced eating frequency may result in eating behaviors
that resemble binge eating which has been related to increases in metabolic disease parameters and adiposity
measures [47]. Thus, much more research is needed to
examine the exact mechanisms of how eating patterns
impact satiety, hunger, and ad libitum dietary intake in
free-living populations.
Another potential mechanism to consider is how eating frequency impacts metabolic rates. Popular media
have consistently advocated more frequent eating or
grazing as a healthy habit that may “stoke” or “rev” one’s
metabolism. A recent review of popular media sources
found the ideal eating frequency recommendation given
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was 6 EOs per day [48]. Yet, not a single study to date
has found a statistically significant difference in total energy expenditure between 1, 2, 3, 5, 6 or even 7 EOs in a
24-h period [43, 49–52]. A cross-over study with eight
young adult males (18–23 y) examined the difference in
metabolic rate between 2 EOs and 6 EOs per day, which
were isocaloric, subjects stayed on each dietary regimen
for two weeks and occupied a whole room calorimeter
for two 31-h periods [49]. This study found no differences in metabolic rate or energy expenditure between
the two EO conditions, despite a small, albeit significant,
observed weight gain in the 2 EOs per day condition.
However, this study kept the activity patterns constant
and eating frequency may subsequently increase physical
activity levels, however this and previous analyses in
Hispanic youth have not found a difference in physical
activity measures between eating frequency groups. In a
similar two day cross-over study with 13 male and female young adults (18–23 y), no significant differences
in 24-h energy expenditure as measured by a whole
room calorimeter were found between 2 EOs and 7 EOs
per day conditions [50]. Thus, to date it does not appear
that eating more frequently increases metabolic rates
and given the body of research the likelihood that this
would have led to the current findings is quite low. Yet,
given the pervasiveness of the current media recommendation to increase eating frequency to increase metabolic
rate further research into the potential impacts of eating
frequency on obesity and metabolic disease risk is warranted to better inform the general public of the potential benefits of frequent eating or deleterious outcomes
of infrequent eating.
Another potential mechanism to consider when investigating eating frequency is the potential impact on the
thermic effect of food (TEF). TEF is defined as the increase in metabolic rate after the ingestion of a meal. To
date, studies examining the impact of eating frequency
on TEF have yielded mixed results. One study found an
increase in TEF in 1 EO compared to 6 EOs [53], while another study showed an increase in TEF in 4 EOs compared
to 1 EO [54], whereas the majority of studies show no significant effect of eating frequency on TEF [43, 55, 56]. Tai
et al. [53] examined the effect of 1 large EO of 750 cal vs.
6 smaller EOs of 125 cal provided every 30 min over the
same period on TEF in seven women (23–30 y) and found
that the one large EO resulted in a slightly higher TEF of
3.4%. The authors hypothesized that this was due to a
more rapid absorption of nutrients given that gastric
emptying is slower when food is given continuously [57].
Similarly, another study by Leblanc et al. in six subjects
(21–28 y) compared 1 vs. 4 EOs given over a four-hour
period and found that the 4 EO pattern resulted in a
slightly higher TEF. However, eating one time per day is
not reflective of normal eating patterns seen in free-living
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populations and in the current analysis there was not a
single subject who averaged 1 EO per day. Furthermore, a
comprehensive review by Bellisle et al. [56] concluded that
there is no strong evidence to support a biologically significant difference in TEF in response to different eating
frequency, and furthermore, the role of TEF on body
weight regulation itself remains controversial [58]. To our
knowledge, no research study has investigated any potential mediating effect that an increase in TEF from an
increase or decrease in eating frequency or a change in
macronutrient consumption due to changes in eating frequency may have on adiposity parameters. In addition, no
study has examined how eating frequency impacts TEF in
a youth population, yet given the body of research the likelihood that this would have led to the current findings is
also quite low.
Another possible mechanism involves lipid metabolism. Previous studies have found infrequent eating to be
associated with higher circulating triglycerides [13, 14].
Infrequent eaters also consistently show an increased
caloric intake per EO, and binge eating behaviors have
been previously linked to increased triglycerides [14, 47].
Infrequent eaters have also shown increased visceral adipose tissue [14] and the accumulation of visceral adipose
tissue has been positively associated with fasting insulin
and triglycerides [14, 59]. It is also hypothesized that
visceral fat increases hepatic portal free fatty acid concentrations, which in turn are stored as triglycerides,
stimulate hepatic gluconeogenesis, and hinder hepatic
clearance of insulin, thus promoting a vicious cycle of
hyperinsulinemia, elevated plasma glucose concentrations, and dyslipidemia [60]. Furthermore, increased risk
of NAFLD has been found to be associated with dyslipidemia [61]. It has also been hypothesized that increased
triglycerides and free fatty acids from VAT are the first
hit in the progression of NAFLD, however we did not
see any significant difference in hepatic fat by eating frequency groups, yet 20% of this highly active young adult
Hispanic population did meet the diagnostic criteria for
NAFLD [61]. The current analysis is in agreement with
previous finding that infrequent eaters have higher visceral adipose tissue than frequent eaters and thus more
research, especially randomized controlled feeding trials
analyzing the possible causal relationship between visceral adiposity, triglycerides, eating frequency, NAFLD,
and metabolic disease risk is merited.
Another potential explanation for the current findings
is that healthy behaviors tend to cluster together [62]. In
the current study, frequent eaters are just consuming
more in general - more calories, total carbohydrates,
total protein, total fat, total fiber, and total sugars. Conversely, infrequent eaters may be more apt to partake in
other unhealthy behaviors. Infrequent eaters did consume less fiber per day compared to frequent eaters, but
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only five subjects met the recommendation for fiber intake. Previous research has also found that the differences in adiposity measures by eating frequency groups
were mediated by differences in physical activity [63].
However, no significant differences in physical activity
were seen between eating frequency groups within this
analysis, and these subjects were highly active with the
vast majority meeting the physical activity guidelines for
Americans. Thus, further investigation is needed into
understand if or how eating frequency may influence
other behaviors.
An important confounder in the current analysis is a
potential higher prevalence of under-reporting of intake
and potentially even omitting entire eating occasions by
overweight/obese subjects which has been seen previously
in eating frequency research. Previous research has
highlighted the possible role of dietary underreporting
[64], particularly in an overweight/obese samples. Additionally, per the USDA an active 18–19 year old male
would need 3000–3200 kcal per day and an active 18–
19 year old female would need 2200–2400 kcal per day to
maintain weight and only nine males and five females met
or exceeded these numbers [65], thus some degree of
underreporting within this sample is likely. Yet, within the
current analysis we took multiple steps to assess energy
intake plausibility, however we cannot be certain underreporting was not a confounder in the current findings.
There are a several potential limitations in the current
analysis. The first is that this is a cross-sectional study and
thus causation cannot be assessed. Additionally, this analysis included normal, overweight, and obese subjects.
However, we chose to include all weight categories given
that no other group has investigated the dietary habits and
obesity risk of Hispanic college freshmen. Another limitation is that this sample may not be representative of other
Hispanic college populations, as only 28% of our sample
was overweight or obese, which is lower than national
prevalence rates for this age range and ethnicity/race. In
addition, this university has consistently been ranked in
national polls as one of the healthiest colleges in the
nation [66, 67] and the current population was extremely
active, on average participating in more than 60 min in
MVPA per day. Another potential limitation is that we
were sufficiently powered to examine differences in adiposity and diet between eating frequency groups, however,
we were not prospectively powered for splitting the sample by sex and the observed power in these sub analyses
was markedly less, especially for adiposity measures. But
regardless, increased eating frequency was linked to reduced adiposity, even within this fairly healthy population.
Thus, the current findings may not be universal among all
Hispanic youth populations, although previous work has
found similar relationships in younger overweight and
obese minority youth [13, 14].
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Conclusion
In summary, eating less than three eating occasions per
day is associated with increased BMI, BMI z-scores,
body fat percentage, visceral and subcutaneous adipose
tissue, despite being linked to decreased daily energy intake in a population of Hispanic college freshmen. Given
that the first year of college is such a pivotal time in the
development of lifelong habits it is important to identify
nutrition behaviors that may potentially reduce the risk
of obesity later in life. These results as well as previous
findings support that further longitudinal trials are
needed to investigate the potential causal relationship
between eating frequency and obesity risk in Hispanic
youth, as well as establish the need for intervention work
in this area.
Abbreviations
BMI: Body Mass Index; EO: Eating Occasion; FoV: Field of View;
GRAPPA: GeneRalized Auto-calibrating Partially Parallel Acquisitions;
LPA: Light Physical Activity; MRI: Magnetic Resonance Imaging;
MVPA: Moderate to Vigorous Physical Activity; NAFLD: Non-Alcoholic Fatty
Liver Disease; NDS-R: Nutrition Data System for Research; ROI: Region of
Interest; SAT: Subcutaneous Adipose Tissue; SED: Sedentary Behavior;
TE: Echo Time; TR: Repetition Time; UT-Austin: University of Texas at Austin;
VAT: Visceral Adipose Tissue
Acknowledgments
There are no financial or personal relationships with the organization
sponsoring the research at the time the research was done. This funding for
this project was from UT-Austin, Dr. Davis start-up funds. We would like to
thank all the participants for their time and effort. We would also like to
thank the following UT students and or staff for helping with data collection,
especially Jessica Boisseau and Katherine Nikah.
Funding
University of Texas at Austin, Department of Nutritional Sciences.
Availability of data and materials
The datasets during and/or analyzed during the current study available from
the corresponding author on reasonable request.
Authors’ contributions
JND and BTH designed and supervised the Freshmen Health Study; JND
obtained the funding; BTH and GES analyzed data; BTH, GES, JBB and JND
collected data, BTH and JND wrote the paper; BTH, GES, JBB, JND and MSB
authors contributed to editing the manuscript; BTH and JND had primary
responsibility for the final content presented. All authors read and approved
the final manuscript. There are no identified financial conflicts of interest for
any author in regards to this manuscript or its content.
Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the University
of Texas at Austin. Informed written consent was obtained before testing
commenced.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

House et al. BMC Nutrition (2018) 4:10

Received: 11 February 2017 Accepted: 19 February 2018

References
1. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA. Emerging
adulthood and college-aged youth: an overlooked age for weight-related
behavior change. Obesity (Silver Spring). 2008;16(10):2205–11.
2. Pew Hispanic Center. Hispanic high school graduates pass whites in rate of
college enrollment 2013. http://www.pewhispanic.org/2013/05/09/hispanichigh-school-graduates-pass-whites-in-rate-ofcollege-enrollment/. Last accessed
on 5/17/13.
3. The University of Texas at Austin releases preliminary enrollment data 2012.
www.utexas.edu/news/2012/09/19/2012-preliminary-enrollment-data/. Last
accessed 5/17/13.
4. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult
obesity in the United States, 2011-2012. JAMA. 2014;311(8):806–14.
5. Hovell MF, Mewborn CR, Randle Y, Fowler-Johnson S. Risk of excess weight
gain in university women: a three-year community controlled analysis.
Addict Behav. 1985;10(1):15–28.
6. Huang TT, Harris KJ, Lee RE, Nazir N, Born W, Kaur H. Assessing overweight,
obesity, diet, and physical activity in college students. J Am Coll Health:
J of ACH. 2003;52(2):83–6.
7. Butler SM, Black DR, Blue CL, Gretebeck RJ. Change in diet, physical activity,
and body weight in female college freshman. Am J Health Behav. 2004;
28(1):24–32.
8. Levitsky DA, Halbmaier CA, Mrdjenovic G. The freshman weight gain: a
model for the study of the epidemic of obesity. Int J Obes Relat Metab
Disord. 2004;28(11):1435–42.
9. Gibney MJ, Wolever TM. Periodicity of eating and human health: present
perspective and future directions. Br J Nutr. 1997;77(Suppl 1):S3–5.
10. Ma Y, Bertone ER, Stanek EJ, Reed GW, Hebert JR, Cohen NL, Merriam PA,
Ockene IS. Association between eating patterns and obesity in a free-living
US adult population. Am J Epidemiol. 2003;158(1):85–92.
11. Pearcey SM, de Castro JM. Food intake and meal patterns of weight-stable
and weight-gaining persons. Am J Clin Nutr. 2002;76(1):107–12.
12. Zerva A, Nassis GP, Krekoukia M, Psarra G, Sidossis LS. Effect of eating
frequency on body composition in 9-11-year-old children. Int J Sports Med.
2007;28(3):265–70.
13. House BT, Shearrer GE, Miller SJ, Pasch KE, Goran MI, Davis JN. Increased
eating frequency linked to decreased obesity and improved metabolic
outcomes. Int J Obes. 2015;39(1):136–41.
14. House BT, Cook LT, Gyllenhammer LE, Schraw JM, Goran MI, Spruijt-Metz D,
Weigensberg MJ, Davis JN. Meal skipping linked to increased visceral
adipose tissue and triglycerides in overweight minority youth. Obesity
(Silver Spring). 2013;
15. Ritchie LD. Less frequent eating predicts greater BMI and waist
circumference in female adolescents. Am J Clin Nutr. 2012;95(2):290–6.
16. Franko DL, Striegel-Moore RH, Thompson D, Affenito SG, Schreiber GB,
Daniels SR, Crawford PB. The relationship between meal frequency and
body mass index in black and white adolescent girls: more is less.
Int J Obes. 2008;32(1):23–9.
17. Jennings A, Cassidy A, van Sluijs EM, Griffin SJ, Welch AA. Associations
between eating frequency, adiposity, diet, and activity in 9-10 year old
healthy-weight and centrally obese children. Obesity (Silver Spring). 2012;
20(7):1462–8.
18. Toschke AM, Thorsteinsdottir KH, von Kries R. Meal frequency, breakfast
consumption and childhood obesity. Int J Pediatr Obes. 2009;4(4):242–8.
19. Mota J, Fidalgo F, Silva R, Ribeiro JC, Santos R, Carvalho J, Santos MP.
Relationships between physical activity, obesity and meal frequency in
adolescents. Ann Hum Biol. 2008;35(1):1–10.
20. Field AE, Austin SB, Gillman MW, Rosner B, Rockett HR, Colditz GA. Snack
food intake does not predict weight change among children and
adolescents. Int J Obes Relat Metab Disord. 2004;28(10):1210–6.
21. Morgan K, Johnson S, Stamply G. Children’s frequncy of eating, total sugar
intake, and weight/height status. Nutr Res. 1983;6:635–52.
22. Howarth NC, Huang TT, Roberts SB, Lin BH, McCrory MA. Eating patterns
and dietary composition in relation to BMI in younger and older adults. Int
J Obes. 2007;31(4):675–84.
23. Goran MI. Visceral fat in prepubertal children: influence of obesity,
anthropometry, ethnicity, gender, diet, and growth. Am J Hum Biol: the
official J Hum Biol Counc. 1999;11(2):201–7.

Page 11 of 12

24. Sundaram SS, Zeitler P, Nadeau K. The metabolic syndrome and nonalcoholic
fatty liver disease in children. Curr Opin Pediatr. 2009;21(4):529–35.
25. Neumark-Sztainer D, Wall MM, Larson N, Story M, Fulkerson JA, Eisenberg ME,
Hannan PJ. Secular trends in weight status and weight-related attitudes and
behaviors in adolescents from 1999 to 2010. Prev Med. 2012;54(1):77–81.
26. Berge JM, Wall M, Larson N, Loth KA, Neumark-Sztainer D. Family
functioning: associations with weight status, eating behaviors, and physical
activity in adolescents. J Adolesc Health. 2013;52(3):351–7.
27. Eisenberg ME, Wall M, Shim JJ, Bruening M, Loth K, Neumark-Sztainer D.
Associations between friends' disordered eating and muscle-enhancing
behaviors. Soc Sci Med. 2012;75(12):2242–9.
28. Centers for Disease Control and Prevention: CDC growth Charts. Atlanta, GA, U.
S. Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Health Statistics, 2000 (U.S. Publ. no. 314).
29. Ginde SR, Geliebter A, Rubiano F, Silva AM, Wang J, Heshka S, Heymsfield
SB. Air displacement plethysmography: validation in overweight and obese
subjects. Obes Res. 2005;13(7):1232–7.
30. Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS, Grundy
S, Hobbs HH, Dobbins RL. Magnetic resonance spectroscopy to measure
hepatic triglyceride content: prevalence of hepatic steatosis in the general
population. Am J Physiol Endocrinol Metab. 2005;288(2):E462–8.
31. Willett W: Nutritional epidemiology, Second edn. New York: Oxford UP; 1998.
32. Freedson PS, Melanson E, Sirard J. Calibration of the computer science and
applications, Inc. accelerometer. Med Sci Sports Exerc. 1998;30(5):777–81.
33. Smith KJ, Blizzard L, McNaughton SA, Gall SL, Dwyer T, Venn AJ. Daily eating
frequency and cardiometabolic risk factors in young Australian adults: crosssectional analyses. Br J Nutr. 2012;108(6):1086–94.
34. Phillips CM, Tierney AC, Perez-Martinez P, Defoort C, Blaak EE, Gjelstad IM,
Lopez-Miranda J, Kiec-Klimczak M, Malczewska-Malec M, Drevon CA, et al.
Obesity and body fat classification in the metabolic syndrome: impact on
cardiometabolic risk metabotype. Obesity (Silver Spring). 2013;21(1):E154–61.
35. Ford ES, Williamson DF, Liu S. Weight change and diabetes incidence: findings
from a national cohort of US adults. Am J Epidemiol. 1997;146(3):214–22.
36. Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, Somers VK,
Erwin PJ, Lopez-Jimenez F. Diagnostic performance of body mass index to
identify obesity as defined by body adiposity: a systematic review and
meta-analysis. Int J Obes. 2010;34(5):791–9.
37. Bosy-Westphal A, Geisler C, Onur S, Korth O, Selberg O, Schrezenmeir J,
Muller MJ. Value of body fat mass vs anthropometric obesity indices in the
assessment of metabolic risk factors. Int J Obes. 2006;30(3):475–83.
38. Iwao S, Mori K, Sato Y. Effects of meal frequency on body composition
during weight control in boxers. Scand J Med Sci Sports. 1996;6(5):265–72.
39. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and trends in
body mass index among US children and adolescents, 1999-2010. JAMA.
2012;307(5):483–90.
40. Services USDoHaH: Physical activity guidelines for Americans summary. In.
Edited by Promotion OoDPaH. Washington D.C.; 2008.
41. Committee DGA: Report of the dietary guidelines advisory committee on
the dietary guidelines for Americans. In. Edited by Agriculture USDo.
Washington, DC; 2015.
42. Leidy HJ, Armstrong CL, Tang M, Mattes RD, Campbell WW. The influence of
higher protein intake and greater eating frequency on appetite control in
overweight and obese men. Obesity (Silver Spring). 2010;18(9):1725–32.
43. Smeets AJ, Westerterp-Plantenga MS. Acute effects on metabolism and
appetite profile of one meal difference in the lower range of meal
frequency. Br J Nutr. 2008;99(6):1316–21.
44. Speechly DP, Buffenstein R. Greater appetite control associated with an
increased frequency of eating in lean males. Appetite. 1999;33(3):285–97.
45. Stote KS, Baer DJ, Spears K, Paul DR, Harris GK, Rumpler WV, Strycula P,
Najjar SS, Ferrucci L, Ingram DK, et al. A controlled trial of reduced meal
frequency without caloric restriction in healthy, normal-weight, middle-aged
adults. Am J Clin Nutr. 2007;85(4):981–8.
46. Speechly DP, Rogers GG, Buffenstein R. Acute appetite reduction associated
with an increased frequency of eating in obese males. Int J Obes Relat
Metab Disord. 1999;23(11):1151–9.
47. Tanofsky-Kraff M, Shomaker LB, Stern EA, Miller R, Sebring N, Dellavalle D,
Yanovski SZ, Hubbard VS, Yanovski JA. Children's binge eating and
development of metabolic syndrome. Int J Obes. 2012;36(7):956–62.
48. Leidy HJ, Campbell WW. The effect of eating frequency on appetite control
and food intake: brief synopsis of controlled feeding studies. J Nutr. 2011;
141(1):154–7.

House et al. BMC Nutrition (2018) 4:10

Page 12 of 12

49. Dallosso HM, Murgatroyd PR, James WP. Feeding frequency and energy
balance in adult males. Hum Nutr Clin Nutr. 1982;36C(1):25–39.
50. Verboeket-van de Venne WP, Westerterp KR. Influence of the feeding
frequency on nutrient utilization in man: consequences for energy
metabolism. Eur J Clin Nutr. 1991;45(3):161–9.
51. Verboeket-van de Venne WP, Westerterp KR. Frequency of feeding, weight
reduction and energy metabolism. Int J Obes Relat Metab Disord. 1993;
17(1):31–6.
52. Verboeket-van de Venne WP, Westerterp KR, Kester AD. Effect of the pattern
of food intake on human energy metabolism. Br J Nutr. 1993;70(1):103–15.
53. Tai MM, Castillo P, Pi-Sunyer FX. Meal size and frequency: effect on the
thermic effect of food. Am J Clin Nutr. 1991;54(5):783–7.
54. LeBlanc J, Mercier I, Nadeau A. Components of postprandial thermogenesis
in relation to meal frequency in humans. Can J Physiol Pharmacol. 1993;
71(12):879–83.
55. Kinabo JL, Durnin JV. Effect of meal frequency on the thermic effect of food
in women. Eur J Clin Nutr. 1990;44(5):389–95.
56. Bellisle F, McDevitt R, Prentice AM. Meal frequency and energy balance.
Br J Nutr. 1997;77(Suppl 1):S57–70.
57. McHugh PR, Moran TH. Calories and gastric emptying: a regulatory capacity
with implications for feeding. Am J Phys. 1979;236(5):R254–60.
58. Reed GW, Hill JO. Measuring the thermic effect of food. Am J Clin Nutr.
1996;63(2):164–9.
59. Gower BA, Nagy TR, Goran MI. Visceral fat, insulin sensitivity, and lipids in
prepubertal children. Diabetes. 1999;48(8):1515–21.
60. Bjorntorp P. "portal" adipose tissue as a generator of risk factors for
cardiovascular disease and diabetes. Arteriosclerosis. 1990;10(4):493–6.
61. Marino L, Jornayvaz FR. Endocrine causes of nonalcoholic fatty liver disease.
World J Gastroenterol. 2015;21(39):11053–76.
62. Leech RM, McNaughton SA, Timperio A. The clustering of diet, physical
activity and sedentary behavior in children and adolescents: a review.
Int J Behav Nutr Phys Act. 2014;11:4.
63. Duval K, Strychar I, Cyr MJ, Prud’hoemme D, Rabasa-Lhoret R, Doucet E.
Physical activity is a confounding factor of the relation between eating
frequency and body composition. Am J Clin Nutr. 2008;88(5):1200–5.
64. Palmer MA, Capra S, Baines SK. Association between eating frequency,
weight, and health. Nutr Rev. 2009;67(7):379–90.
65. Estimated Calorie Needs per Day by Age, Gender, and Physical Activity
Level. In. Edited by Agriculture USDo.
66. UT Austin Named One of the Healthiest Campuses in U.S. In: UTNews
University Of Texas.
67. UT Austin Ranks Among Healthiest Colleges in the US [http://utnews.tumblr.
com/post/127714497683/ut-austin-ranks-among-healthiest-colleges-in-the].

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

